Because of their trophodynamic role, small invertebrates are often critical components of ecosystems. An especially important group of freshwater invertebrates is the water fleas of the genus Daphnia. These animals are often the dominant herbivores in lakes and ponds. They play a key role in determining water clarity (by grazing on algae) and they are an important part of the diet of fish. Natural chemical signals (kairomones) produced by predators affect the development, life history strategy, and behavior of zooplankton. Laboratory studies of anthropogenic chemicals that have biological activity (xenobiotics), such as the insecticide carbaryl, have demonstrated effects of concentrations in the 1 to 5 ppb range on Daphnia development, growth rate, and swimming behavior in our laboratory experiments. Low concentrations of carbaryl inhibit growth and reproduction and delay maturation, whereas survivorship was not effected. These sublethal exposures to carbaryl reduced Daphnia population growth rate (productivity) by about 15% (at 5 ppb), enough to have significant ecological effects on the rest of the lake community. The insecticide carbaryl showed synergistic interactions with natural chemicals associated with predators (kairomones) that modify Daphnia development and life history characteristics. In addition, there were complex synergisms between carbaryl, the predator odors, and oxygen concentration (low oxygen concentration can be either a natural environmental stress or an anthropogenic stress). Daphnia produce males facultatively, usually in late fall; at other times, reproduction is asexual. There is some evidence from long-term field studies that the maximum frequency of males has declined since the 1 940s, when estrogenmimicking xenobiotics first appeared in lakes. A decrease in sexual recombination will result in maladapted Daphnia relative to their constantly changing environment. -Environ Health Perspect 1 03 (Suppl 41:7-11 (1995) 
Introduction
The larger species of wildlife, such as eagles, alligators, and pumas, interact with and depend on an ecological support structure in which the major players are invertebrates. Although individually small and inconspicuous, invertebrates play major roles in the transfer of energy from autotrophs to the tips of the food web.
The long-term goal of our research is to understand how planktonic communities work in terms of population dynamics of the individual member species, energy flow among species, and patterns of species diversity and phenology. A current and fundamental question concerns the influence of natural and anthropogenic chemicals in inducing changes in the development, life history strategy, and behavior of zooplankton (1) (2) (3) (4) .
Results of studies of zooplankton have shown that many species depend on chemical signals, in natural situations, for optimal development. For example, the phenomenon of cyclomorphosis (an annual change in morphology seen from generation to generation, in which some species have long spines and helmets during the summer) is cued by a combination ofphysical conditions and natural chemical signals (kairomones) produced by predacious fish and invertebrates (5) . Zooplankton also modify their life history and reproductive strategies (e.g., rate of maturation, size and number of eggs) in response to kairomones. Similarly, zooplankton swimming behavior, especially diel vertical migration (during which zooplankton populations move deeper in the lake during the day, and rise at night), depends on the presence of kairomones (6, 7) .
Anthropogenic chemicals can induce changes that mimic the effects of natural kairomones (8) (9) (10) . For example, xenobiotics and natural chemical signals show both direct and synergistic effects on zooplankton development (11, 12) . The purpose of our current research is to understand how natural and anthropogenic chemicals interact in lakes to induce changes in the development, behavior, and ultimately the community ecology of zooplankton.
To study zooplankton development and behavior, we have focused on laboratory cultures of the Cladoceran (water flea) Daphnia. Daphnia are ideal -representatives of the zooplankton partly because of the ease with which they are cultured in the laboratory and partly because of their key position in aquatic food webs (Figure 1 ).
Daphnia species (along with their smaller cousins Ceriodaphnia) are often used in laboratory bioassays of kairomones (13) or potentially toxic chemicals (14) (15) (16) .
Environmental Health Perspectives Daphnia occupy a key position in aquatic food webs because they are often the most significant herbivore (17) by determining water quality through their selective consumption of algae (18) (20) . These levels do not even approach levels of acute toxicity (14, 21) . However, Daphnia ecology can be modified significantly by low to moderate sublethal concentrations of toxic xenobiotics (22, 23 We have found several synergistic interactions between carbaryl and the Chaoborus kairomone. Carbaryl and kairomone typically interact to further reduce adult body size and juvenile growth rate (Table 2) . When oxygen stress is combined with carbaryl and kairomone (Table  3) , there are further synergistic reductions in body size and growth rate (12) . Another stress factor, pH, may have a similar synergistic interaction with the natural and anthropogenic chemicals (24) .
Swimming Behavior
Zooplankton (especially copepods, but induding dadocerans such as Daphnia) show complex swimming behavior that is necessary for proper nutrition and to avoid predators. On a small scale, many zooplankton have a fast swimming escape response used to avoid predators (25) , and zooplankton may have the ability to maintain their position in food patches (26) . At a large scale, zooplankton often show diel vertical migration, in which they sink lower in the lake during the day to avoid fish and rise at night to take advantage of the warmer water near the surface (2) . Results from laboratory studies of individual swimming behavior show that swimming behaviors can be modified by exposing the zooplankton to various predators or by exposure to toxic xenobiotics.
Our lab uses a video system to record and digitize the three-dimensional swimming track of individual zooplanktonic animals (4, 27) . This system can be used to 11% shorter (5 ppb carbaryl, kairomone) Abbreviations: DF, degrees of freedom; P, probability of finding the observed effect if the null hypothesis (of no effect) is true; NS, not significant (probability is greater than 0.05). p<0.05; 'p<0.01; 'p<0.001. Data from Hanazato and Dodson (10). 
Ecological Consequences Morphology and Life History
In natural predator-prey systems, the induction of morphological predator defenses (such as high helmets or long tail spines) by kairomones is often (although not always) associated with a reduction in biological fitness, measured as the population growth rate of a clone (1, 18, (44) (45) (46) (47) . The reduction in fitness, when it occurs, is usually due to a longer developmental time (from neonate to adult); in some cases there is also a decrease in the number of eggs per clutch. A similar reduction in fitness is seen in Daphnia exposed to carbaryl ( Table 5 ). The synergistic effect of both the kairomone and carbaryl (Table 4 ) reduced the population growth to half or less of that predicted from the separate effects of the two factors. Such a large reduction is particularly important to Daphnia, which typically requires a high rate of population growth to persist through periods of high mortality from predators (18, 23, (48) (49) (50) (60); the more recent data are from samples taken by Dodson. by toxic xenobiotics may result in higher mortality due to both vertebrate and invertebrate predators. For example, an increase in swimming velocity will increase encounter rate with predators and therefore increase the rate of mortality (51) .
Given the intense mortality often experienced by zooplankton such as Daphnia (18) , even a small increase in the mortality rate may result in the disappearance of the population from a lake.
In addition to affecting swimming behavior, it is probable that xenobiotics affect other behaviors such as feeding and mating. Reduction in feeding activity at sublethal levels of xenobiotics has been well documented (23) .
Synergisms
Natural stress factors such as low pH, low oxygen concentration, high temperature (52), presence of kairomones, and low food density (53) , tend to reduce Daphnia growth rate. Some, or perhaps all, of these stress factors interact synergistically with toxic xenobiotics. Thus, Daphnia, and by implication zooplankton in general, may be especially susceptible to low levels of toxic organic compounds when the population is also responding to several natural stress factors.
Reproducive Effect
Male Daphnia are seldom ecologically (trophically) significant in a direct way. 
